The Polled Intersex Syndrome (PIS) is responsible for the absence of horns in homozygous and heterozygous goats causing a female-to-male sex reversal in the homozygous polled genotypic female (XX) goats. A simple and efficient non-invasive method was elaborated to detect the genotypic sex from hair and faecal samples using a pair of primers to amplify the X-and Y-linked alleles of the amelogenin gene. The PCR products were easily distinguishable using agarose gel electrophoresis: we detected an X-specific single band in samples originating from healthy phenotypic females and double (X-and Y-) bands in samples from males. The new PCR method is applicable for diagnosing the sex of PISaffected animals already as newborn kids, in contrast with the phenotypic findings appearing only after puberty, and thus it may replace the cumbersome chromosome investigations.
the gene-dose effect and some molecular factors play a critical role (Uhlenhaut and Treier, 2006) . The Polled Intersex Syndrome (PIS) mutation is caused by a microdeletion (11.7 kbp DNA) undetectable by light microscopy on chromosome 1 (1q43). The deletion includes both the FOXL2 gene needed for ovary formation and the PISRT1 gene responsible for horn formation (Laurent et al., 2014) . Male pseudohermaphrodites cannot be distinguished by their phenotype from normal males before puberty. It would be important to have a quick, easy, non-invasive and reliable method for diagnosing the genetic sex of PIS-affected newborn animals instead of the cumbersome cytogenetic method.
The non-and minimally invasive sample collection methods were elaborated in the last century. Faecal samples can be collected easily and have the potential for obtaining a large sample size with minimal disturbance of the animals; however, they provide DNA of low quality and small quantity (Waits and Paetkau, 2005 ) and may be contaminated by microorganisms or digested food items (Maudet et al., 2004) . Polymerase chain reaction (PCR) methods are useful for sex identification even from faeces or hair of low quality. In the event of any mass fatality incident, DNA analysis plays a vital role in the identification of disaster victims. Teeth are one of the most resistant structures in the human body that resist decomposition, which makes them the prime choice for extracting DNA to identify individuals. PCR analysis targeting regions of the amelogenin gene has become the method of choice for sex determination using biological samples.
In the present experiments we used amelogenin primer pairs for sex determination. The amelogenin gene exists on both the X and the Y chromosomes, and encodes a protein important in the development of the mammalian tooth and enamel matrix. This gene is located in a conserved region among vertebrates (Murphy et al., 2003) . Differences in the length of the sequence have been observed between X-and Y-specific amelogenin genes in a variety of species. Therefore, the X-Y homologues of the amelogenin gene may be suitable for sex determination on the molecular level (Weikard et al., 2006; A-qin et al., 2007) . We studied the efficacy of using a PCR with amelogenin primers for sex diagnosis in pseudohermaphrodite goats.
Materials and methods

Preparation of DNA samples from faecal, hair, blood and muscle tissue samples
Faecal, hair and blood samples were collected from 5 polled intersex (4 hermaphrodites and 1 pseudohermaphrodite), 9 male and 5 female goats. Genomic DNA was obtained from faecal samples by ISOLATE Fecal DNA Kit (Bioline). As a first step, a homogeneous sample was created from a single faecal pellet using liquid nitrogen, and from this 0.15 g to 0.40 g samples were used for DNA isolation according to the manufacturer's instructions. Genomic DNA from hair was obtained by digestion with proteinase K using the QIAamp DNA Investigator Kit (QIAGEN) according to the manufacturer's instructions. Blood samples were taken from the jugular vein into 5-mL EDTA-tubes and the genomic DNA was isolated with the QIAamp DNA Investigator Kit (QIAGEN) according to the manufacturer's instructions. Muscle tissue samples were collected from slaughtered normal male and female goats, and were used as control because of the poor quality and low quantity of DNA from the hair and faecal samples. Genomic DNA was extracted from meat samples using the QIAamp DNA Investigator Kit (QIAGEN) according to the manufacturer's instructions. DNA concentrations in all samples were evaluated by reading their absorbance at 260 nm in a UV-VIS spectrophotometer (Nanodrop, Thermo Scientific). The amount of DNA from faecal samples was almost the same as that obtained from blood and muscle tissues, but the DNA isolated from a single hair was less than that obtained from other sources (20-32 ng/µL); however, the purity of the DNA was normal (A260/280: 1.7-1.8). The DNA samples isolated from faecal samples had a little less value than normal spectra in which the A260/280 ratios were 1.4-1.6 and the DNA concentration was between 70 and 100 ng/µL.
PCR amplification
The X-and Y-chromosome-linked AMELX and AMELY genes were chosen as markers for sex identification, because this gene exists on both the X and the Y chromosomes. Bovine amelogenin primers SE47 and SE48 (Ennis and Gallagher, 1994) were chosen and aligned to the goat reference X chromosome (GenBank accession number CM001739) using BLAST (Altschul et al., 1990) . The PCR primers were designed for the coordinates 120,249,873 to 120,249,892 5'-CTCCATGACTCCAACCCAAC-3' and for the coordinates 120,250,163 to 120,250,183 5'-ACTTCTTCCCGCTTGGTCTT-3'. PCRs were conducted in a total reaction volume of 25 µL containing 1x Phusion HF Buffer, 0.4 U Phusion HS II DNA Polymerase, 200 µM of each dNTP and 3.5 µM of each primer. In the case of faecal, blood and muscle samples, 60 ng DNA template was used for each PCR, while in the case of hair samples, because of their lower DNA content, 6 µL DNA template (20-32 ng) was used regardless of the concentration. PCR amplification was conducted in a ProFlex PCR System thermal cycler (Applied Biosystems) at an initial denaturation of 98 °C for 30 sec, followed by 35 cycles of 98 °C for 10 sec, 62.5 °C for 10 sec and 72 °C for 2 min, with a final extension step at 72 °C for 5 min. PCR products were stained with 6x Loading Dye and determined by electrophoresis in a 2% agarose gel containing ethidium bromide at 10 V/cm. The product sizes were determined with the help of GeneRuler 100bp Plus DNA Ladder (ThermoFisher Scientific).
Results
From all of the 19 faecal, muscle tissue, blood and hair samples we obtained DNA of sufficient quantity and quality for the PCR reaction. As expected, PCR amplification of the amelogenin gene resulted in a single band (310 bp) for female samples, and two bands (310 bp and 250 bp) for the male samples. Figure 1 shows the results of PCR sexing of 12 DNA samples after agarose gel electrophoresis. In the faecal and hair samples (11, 12) of the PIS homozygote, phenotypically buck only the X-chromosome-specific PCR product was detectable, so the animal was diagnosed as a genetic female. In this experimental study a total of 19 samples were tested and 5 goats were considered hermaphrodites. In the case of the healthy male and female controls all PCR sex determinations were in line with the phenotypic sex of the goats, indicating that the sexing method based on the PCR-amplified amelogenin gene was correct and reproducible. According to the sex PCR results this method proves to be a suitable new future diagnostic method to detect the presence of the Polled Intersex Syndrome immediately after birth.
Discussion
In this study we have established a simple and accurate method to detect the X-and Y-chromosome-specific sequences of the amelogenin gene, amplified with a newly applied single primer pair. The reaction resulted in an X-specific product which was present in each sample, and a Y-specific product in samples containing the Y-chromosome. As the goat amelogenin gene is located on both the X and the Y chromosomes, differences in their length are observed between the X-and Y-specific genes. There is a diagnostic difference of 60 bp within the amplified region, so the male and female cytogenetic sex is easily detectable. Using this method, sex identification is applicable for defining the genetic sex of infertile polled goats at a very young age, already as male pseudohermaphrodite kids, in contrast with the phenotypic findings that appear only after puberty. For the routine breeding practice, the use of a non-invasive sampling method for genetic studies is preferable. Thus we suggest collecting faecal and hair samples, because the applied DNA isolation and PCR method can be used efficiently for sex detection.
